The clinical progress was studied in a series of 590 consecutive nonsurgical patients with coronary disease documented by selective coronary arteriography. All had 50% or more obstruction in at least one major artery. Patients who were operated on within 5 years were excluded. Observations of the survivors ranged from 5 to 9 years. During the total observation period 263 patients died; only 19 deaths were not due to coronary disease. The 5-year cardiac mortality rate was 34.4% for the entire population, 14.6% for patients with one-vessel involvement, 37.8% for patients with two-vessel involvement, 53.8% for patients with three-vessel involvement, and 56.8% for those with at least 50% narrowing of the left main coronary artery. In patients with single-vessel disease the presence or absence of additional lesions causing less than 50% narrowing was of significant prognostic influence.
T HE EVALUATION of the prognostic significance of obstructions found at coronary arteriography has become difficult because of present day surgical interruption of the natural course. Prospective studies, to be meaningful, would require that a large number of patients with various degrees of angina pectoris would deliberately be deprived of the symptomatic relief obtainable by operation, and would not be given the benefit of a probable improvement of prognosis with regard to mortality and myocardial infarction. Therefore, at present, data on the natural history of coronary disease have to be collected primarily by retrospective studies, in spite of the inherent limitations.
The present study deals with a series of 590 patients with coronary disease who were studied by selective coronary arteriographyl when surgery was still restricted to a minority, the single implantation of an internal mammary artery being the only operation available at the time. The latter operation was restricted to those patients having severe proximal obstruction of the anterior descending artery in the presence of a well functioning myocardium in the area supplied by that vessel. None was treated surgically within 5 years after coronary arteriography. Primarily the predictive information contained in coronary arteriograms and left ventricular angiograms was analyzed. The prognostic significance of other clinical factors was studied and the relationship of these to arteriographic and ventriculographic findings was investigated.
Selection of Patients and Methods
Patients who were studied by selective coronary arteriography from January 1963 through July 1965 were selected for this study. Almost all patients had been referred because of chest pain but in a small minority congestive heart failure was the primary indication for study. The coronary arteriograms showed 50% or more narrowing of at least one major coronary artery (right coronary artery, left main coronary artery, left anterior descending branch and left circumflex branch). Patients having congenital or rheumatic heart disease were excluded. Our objective was to obtain a minimum of 5-year follow-up, and consequently patients were eliminated who had coronary surgery within 5 years after coronary arteriography and 17 who could not be followed for 5 years. All other patients, 590 cases in total, were included in this study. There were 527 men (mean age 49.4 years) and 63 women (mean age 52.5 years).
All patient data were coded before the follow-up information was collected. The branches of the coronary arteries were classified into normal and five degrees of estimated narrowing as listed in table 1. At the time that the patients were studied the coronary arteries 1147 were not consistently visualized in multiple projections which precludes an accurate subdivision of the moderately severe obstructions. Acquisition of follow-up data was achieved mainly by questionnaires and telephone interviews. The principal sources of information were attending physicians, the patients themselves, relatives, and Bureaus of Vital Statistics.
The 5-year total mortality rates for various categories were calculated by the direct method. In the calculations of 5-year cardiac mortality rates, the noncardiac deaths were considered as 2l, -year survivors. The survival curves were constructed by actuarial method.2 To determine the statistical significance of differences between mortality rates the chi-square method was used. Yates's correction for continuity was used in the calculations and two-tailed tests were applied. A verdict of not significant was expressed if the probability that a difference arose by chance was 5% or more.
Duration of Follow-up
As stated above, adequate follow-up information was obtained in 590 of 607 consecutive cases (97.2%). Calculation of the theoretic maximum follow-up period and comparison to the actual follow-up as previously described3 revealed that the follow-up percentage remained practically unchanged up to 8 years. The follow-up periods are shown in table 2. The follow-up of patients who had coronary surgery (after the initial 5 years) was concluded at the date of operation.
Results

Mortality
There were 263 deaths; 244 were considered to be caused by coronary disease, 19 were caused by various other diseases, mainly neoplasms and cerebrovascular accidents (table 2). Lack of detailed information in each case precludes a reliable subdivision of the coronary deaths. However, 60 patients were known to have died suddenly, at least 16 died of congestive heart failure, and one of rupture of the left ventricle. In the majority of the remaining patients, death was related to myocardial infarction.
The 8-year survival curve for the entire population is presented in figure 1 . The mortality rate was highest during the first year (11.5%), declined gradually during following years (to 5.7%), and rose again in the eighth year but at that time the number of patients was relatively small and consequently the reliability was lower. The impact of noncardiac deaths on total mortality was almost negligible up to 4 years, but became slightly more pronounced thereafter. The 5-year cardiac death rate was 34.3% for the entire patient material. This will be used as the basis of comparison in evaluating the prognostic significance of various parameters.
Arteriographic Findings
The arteriographic findings were primarily divided according to the number of major arteries (right coronary artery, left anterior descending branch, left circumflex branch) which showed 50% o± more narrowing of the lumen diameter. Separation of the moderately severe obstructive group (50 to almost 90% narrowing) into two subgroups based on the estimated degree of obstruction did not result in significant differences in mortality. Lesions of the left main coronary artery were considered separately.
Obstructions of the Left Main Coronary Artery. In 37 cases the left main coronary artery was 50 or Survival curve for entire population (actuarial method). Calculating the survival from cardiac death, the noncardiac deaths were excluded at the time of death. more narrowed and the 5-year cardiac mortality rate was 56.8% (table 3; fig. 2 ). The mortality was particularly high shortly after coronary arteriography; three patients died within 1 week, six within 1 month, and 11 within 1 year, but all patients tolerated the examination without apparent untoward effects. In four of the 37 cases the obstruction of the left main coronary artery was the only significant narrowing. Additional obstructions were present in 33 cases; namely, of one artery in eight cases, of two arteries in 22 cases, and of three arteries in three cases. The 5-year mortalities in Survival curves for individual arteriographic categories. Cases with one-vessel involvement were divided in cases with and without additional moderate (>30 and <50%) narrowings. For cases with one-vessel disease without additional narrowings the survival curve for cardiac death only is also given (interrupted line); in the other cases the influence of noncardiac deaths was practically negligible. cases without associated obstructions and in those with one-, two-, and three-vessel involvement were three of four, five of eight, 10 of 22, and three of three, respectively. The right coronary artery, the only remaining source of myocardial perfusion after possible subsequent progression of the obstruction of the left coronary artery to total, was occluded in Table 3 Obstruction of the Left Main Coronary Artery (37 Pts.) 5 Subtotal obstructions of the right coronary artery, however, had a 5-year mortality in only one of seven, and moderately severe narrowings in four of six (among them one of the two patients with total occlusion of the left main coronary artery). If all these cases are combined it appears that lesions of the right coronary artery, except perhaps total obstructions, had little influence on the mortality in the group of patients with obstructions of the left main coronary artery.
In cases with only moderate narrowings of the left main coronary artery the prognosis appeared to be predominantly determined by associated lesions in the other arteries and these cases were classified according to the latter.
Single-Vessel Involvement. In 202 cases only one major artery was 50% or more obstructed (table 4; fig. 2 ). Within 5 years 35 patients died ( 17.3%); 29 of them died of coronary disease resulting in a 5year cardiac mortality rate of 14.6%. Lesions of the anterior descending artery had a higher 5-year cardiac mortality than those of the right coronary artery (although the difference did not attain statistical significance). The mortality of patients with obstructions less than total of the right coronary artery was remarkably low (one death of 42 cases). Lesions of the circumflex branch had a total 5-year mortality rate about equal to the average rate for the other two branches. left anterior descending; Cx = left circuimflex.
In 91 cases (45%) the obstructions of 50% or more of one artery were associated with narrowings of more than 30% but less than 50% in one or two other arteries. No relation between the severity and localization of the major obstruction and the presence or absence of these moderate narrowings was found. As shown in table 5 and figure 2 moderate narrowings were of surprisingly high prognostic significance, especially in cases with total obstructions (P < 0.01). The 5-year cardiac mortality rate of all cases with additional moderate narrowings was 23.2% compared to 7.4% for cases without such lesions (P < 0.01).
Two-Vessel Involvement. There were 233 patients with obstructions of 50% or more of two vessels (table 6; fig. 2 ). In the following 5 years 89 (38.2%) of them died, all but one of coronary disease, resulting in a 5-year cardiac mortality rate of 37.8%. tIf the two branches were graded differently, the more severely narrowed branch is underlined.
In table 6 the cases are divided according to the localization of the obstructions. Various categories are too small to permit a reliable comparison of mortality rates. However, in no category was the mortality far different from the average. Grouping into three larger categories yielded only small, statistically insignificant differences. Likewise, small differences were found if the cases were divided according to the severity of narrowing (table 7) . Only cases with two subtotal obstructions had a considerably higher mortality than the others, but this group was small and the difference in mortality rate does not attain statistical significance.
To determine the influence of the third artery being moderately narrowed, the cases were divided into those in which the third artery was normal or less than 30% narrowed and those with moderate 2 ). There were 65 deaths within 5 years (55.1%), 63 of cardiac origin, resulting in a 5-year cardiac mortality rate of 53.8%. Division of cases according to the severity of obstruction did not show much variation in mortality between the categories (table  8) . Grouping of categories in various ways (table 9) did not disclose notable differences either.
Since in each case all three arteries were involved, the importance of the localization of the obstructions is difficult to assess. Division according to localization and degree of narrowing (on a scale of three) yields the unwieldy number of 27 categories which practically cannot be grouped in a meaningful way. If, however, such a division is made a remarkably high 5-year mortality (14 of 19 or 74%) is found for cases with total obstruction of the right coronary artery associated with subtotal obstruction of the left anterior descending artery. Conversely, a low 5-year mortality (two of 11 or 18%) is found for cases with subtotal obstruction of the right coronary artery in conjunction with total obstruction of the left anterior descending artery. These findings should be regarded with circumspection. The high mortality rate in the first category was statistically not different from the average, and neither for the first nor for the second combination of lesions was a similar remarkable mortality rate found within the group of patients with two-vessel disease (table 6 ).
In the other categories no significantly abnormal mortality rates were found, but most categories were too small to warrant any conclusion.
Discussion
At the time that coronary arteriography was performed in the patients described, implantation of a single internal mammary artery was by far the most common type of coronary surgery. As predominantly patients with disease of the left anterior descending artery and severe angina pectoris were selected for this procedure, the composition of our material and the correlations with other clinical characteristics are somewhat However, this problem can largely be overcome by considering each factor in relation to its associated arteriographic findings. The 5-year survival rate of 64.4% found in this study is slightly lower than in most other studies which did not employ coronary arteriography.
Reviewing the literature up to 1960, McMichael and Parry7 found that the 5-year survival rates of patients who had survived acute myocardial infarction and patients with angina pectoris tended to cluster round 65-70%. Also in more recent studies"~" higher 5-year survival rates are reported. However, the composition of our patient material is essentially different from these series in that the patients were selected for coronary arteriography and do not represent a series of consecutive cases of coronary Circulation, Volume XLVII, June 1973 disease encountered in a hospital or community population. In addition, in contrast to the other series in our patients coronary disease was proven by coronary arteriography. Selection undoubtedly also influences the shape of the survival curve: the high mortality rate during the first year was mainly due to a number of high risk patients both from clinical and angiographic standpoint. Most of the patients who died during the first year were easily recognizable as poor risk cases; the same was, to a lesser extent, still true for the second and third year.
The patients who died in the fourth year did not differ much from those who died later. Friesinger, Page, and Ross12 followed 103 patients who had selective coronary arteriographic evidence of coronary disease and projected the survival by the life table technic. The 5-year survival was projected to be 73%. Their method of scoring the severity of obstructive lesions makes conmparison with our results difficult. Only one patient of the 32 who had lesions in a single artery may have died of his disease. The mortality (53%) in 46 patients who had high scores, indicating severely obstructive multiple lesions, was similar to that of our patients who had severe obstruction in three arteries. However, the 57 patients who had lower scores had a much lower mortality (5%). We were unable to find such a sharp difference in mortality by any method of grouping.
Oberman et al. ' 3 reported 148 patients who had significantly obstructed coronary arteries demonstrated by selective coronary arteriography. The mean follow-up was about 21 months. Differences in methods of study make comparison with our study difficult but a mortality gradient was found in relation to the number of arteries affected. The mortality among patients with three-vessel disease and among those with obstructions of the left main coronary artery were similar, although the early mortality was higher in the group with obstructions of the left main coronary artery. A high mortality in the last category in direct relation to catheterization, as described by Cohen et al.,'4 was not observed. In cases with one-vessel disease a remarkably good discrimination was achieved if lesions less than 50% were taken into consideration. This corroborates our observations regarding the prognostic importance of such lesions in patients without any severe arterial obstruction.3 Unfortunately, it was practically impossible to further differentiate cases with twoor three-vessel involvement or obstructions of the left main coronary artery.
